HERA Transverse Polarimeter
e Polarized e+ at HERA

e Physics Motivation
 Compton Polarimetry

— General Features

— Transverse Polarimetry: this talk

— Longitudinal Polarimetry:  next talk
e HERA Transverse Polarimeter

— basic layout

— performance

— recent upgrades & plans
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Polarized ex at HERA

HERAI: « HERMES: longitudinally polarized e+ beam (27.5 GeV),
(— 2000) polarized gas targets
» H1 & ZEUS: transversely polarized (*unpolarized®) etf,
colliding with unpolarized proton beam (920 GeV)

HERA II:
(2002 — 2005)

Blecton Spin E e HERMES cont‘d

- Spin Rotators

« H1 & ZEUS :
long. pol. ef,
unpol. proton beam
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Polarized ex at HERA

* Self-Polarization by Emission of Synchroton Radiation:
Socholov-Ternov Effect (t ~ 30 min.)

* Longitudinal Polarization with Buon-Steffens Type Spin-Rotators
at Experiments

P(t)=P" [l—exp (t/7)] (P orage = 55%
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Physws Motivation: HERMES _

Inclusive & Semi-Inclusive
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Physics Motivation: HERMES

Spin Structure of the Nucleon: Au, Ad, ..., AG, ...
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recent and new topics: DVCS, transversity, ...
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Physics Motivation: H1 & ZEUS

Charged & Neutral Current Cross-Sections:
depend strongly on et polarization
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precise knowledge of polarization:
as important as

luminosity & detector response

in order to

* test SM cross-section

* extrapolateto P==*1

* search for right-handed CC

= need AP/P<1%
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Compton Polarimetry

» Kinematics described by 2 variables:

+ polar anglet <=>= LK |. | eneley)
L Lo r L [ Sy

*» azimutal angle ¢ => y (vert. coordinate)

51, 53: lin. & circ. laser polarisation

Py P-: transv. & long. e polarisation

dc

— =F.(EMX S;E(E)cos2¢+ Sz;(PyEv(E)sing+ P-X,E)
dEd(b f—o( |_ 1( )L ¢’ 2Y ) lb ;,Z( )

LLPOL: needs only energy dependence
TPOL: needs energy and y, i-e. full 2D cross section
t: use asymmetry between S; =+1 and S; =

Polarimetry Workshop K. Peter Schiiler - DESY
BNL - 8. Nov. 2002 HERA Transverse Polarimeter




Compton Polarimetry

Scattered Photon Energy [CeV] 4Eos 5., 4 Fyts
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HERA Compton Polarimeters

Operating Modes and Principles

Laser Compton scattering off HER
TPOL il il ;
TR
CW Laser - Single Photon St

Flip laser helicity and m
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TPOL: Experimental Layout
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Argon-lon Laser
514.5 nm (2.41 eV) 10 W cw

optics table with beam chopper,
Pockels cell & beam expander
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HERA Tunnel
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laser and et beam crossing
at 3.1 mrad

laser analyzer box
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HERA Tunnel

Compton Gamma Beamline
and
Detector House
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alr Photon Detector

RO T ST AT S P s Tungsten-Scintillator Sandwich (12 layers)

Absorber: 12 x 6.22 mm
Densimet-17 (920.5% W, 6.5% Ni, 3% Fe/Cu)
19.6 rad. Lengths, Moliere radius: 1 em

Scintillator plates: 12 x 2.6 mm (SCSN-38)
120 mm x (2 x 50 mm)
optically isolated upper & lower half

Readout: PMMA & Y7 WLS material,
Hamamatsu RS80 Photomultipliers (4x)
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tan (L+R]

Resal:

Mon {L+R)

Re=nl)

Calorimeter Calibration

Energy Resolution and Linearity
from test beam measurements
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TPOL: Principle of Measurement

d*c/ dE dn — have to measure E, and y!

- Calorimeter has upper and lower half:
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- use asymmetry w.1.t. laser helicity
=> |less sensitive to systematics
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POLARIZATION (%)

TABLE POS. (mm)

Polarimetry Workshop
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more old plots
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Encrgy Calibration  RUN 1532 (18.8.98 Thi7)

lam |- T '
(i -
e i
1= [
1w E #
I "
I q l
L
I
B :_ |
L
o |
ao | H
k
P S . i zpaici
un s 1 Han
ColnHie =T
r AR Ty
P g P
. - oaty | wie
= Al e
e
[
i
e \
5 ‘ 1 |L... bkl Sl gl v
< Rkl BT [E5-] eI

LRI B T

.

a

u i

o

s -

oz e

I

R

BIACS FLM NEV™S B

31 w84 45
&5 ABTE A [
caba= 1 OMET
AR YT PR VAR
1 a0 e e am
Heera g

Figuee 32 The absalute enargy calibration with comptons and bremsstrahlung

Energy Spectra
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Distributions for Run 5150
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Compton Distributions
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TPOL Upgrade Goals

Measure bunch by bunch .

BNL - 8, Nov. 2002

_Input Parameter Max. and Min. Resulting change
Nominal Value Values in Palarsation (%)
Calorimeter Centering 0.03mm +0.74
nominal: 0 COmm —0.03mm —-0..8
Light Polarisation /A3, | 12% —0.34
nominal: 9%

Pedestal Pasition 21 ADC ch +0.23
nominal: 0 ADC ch

" Electron Spot oq 0.4bmm +1.10
nominal: 0 50mm 0.55mm -1.18
n — i Transfarmatian CERN 5 GaV 1 +0.69
nominal: CERN 8 G'«V | CERN 11 Gel/ —0.68

Rise-Time Rise-Time Monte- Carlo
Measurement | Measurement Calaulation
Rotatars Off Rotators On
Analysing Power (%) UG08 4ECR g, 80t
" Systematic Error (%) 34 13 128
Polarimetry Workshop K. Peter Schiiler - DESY

Online 1-y =>Converge better Silicon
Frequent Optimization with

light calorimetry
Event by event pedestals

© 2D fit Analysis

Silicon
Sci-Fibe

j:ﬁﬁﬁ_‘,: -y

Analysis
JALL
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TPOL Upgrade: Silicon Strip Det.

Silican etector (XY Plances)

. - Pro-radlafoc: 43,
- new S strip detector in

y and x in front of calo
as calibration device

Complon Ream

* Calthratio Scintilating Filer
Driven by a Sicpping Metor

- first in—situ measurements of
T-y-transformation with
new SI ttacker done

- Studies in progress!

Polarimetry Workshop K. Peter Schiiler - DESY
BNL - 8. Nov. 2002 HERA Transverse Polarimeter




Silicon Detector

TIPOL calorimeater

Preshower epergy asymmetry 1 = (U=-D)/(U+D)
Compton fieam ‘I measured by ealorimeter
Upper half

p—
Kiiwer Bialf position y (mm)

measured by Silicon detector

CERN test beam results first results from HERA
SR 1
S o

analyzing power: new = old /1.078 1 kHz calibration data

hower effect : : izati i
(preshower effect) = input for offline polarization extraction
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TPOL Upgrade: Data Acquisition

completely new DAQ:
* hardware, software, slow controls

* pedestals measured event by event

=
—-
%
&
i
-
5
]

* polarization measurement for
individual HERA bunches

o tnanel
Diviver 10%
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Light Pol. l timi

Calibrations
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TPOL Online Analysis

integrate d°c/dE.An over most sensitive E, and 1 range

form asymmelry w.r.L. Lo laser helicity:

| - I !t..‘-'..--:. St e e
1 ] . '.I!! .';-' "'l':_l [-"-.]"l."n"..

last & simple method

BUT: only valid if ALL paramelers are:
equal to delault values
and constant over time.

i ":].'l.. |._'t-'_||1l,'_ Il L L INsSOrma

o.k. within ~3.4%...
... probably not true down to subpercent level!
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New Offline Analysis

¢ Idea: [it double differential x—section RIGHT-LEFT
=> no assumptions about:

II-I‘I]I'III IIII[ITIIHIIIII'IHI_HI

IlllllltlllllllIIII!IIIItIIIIiII!!TII

2 4 6 B 1012 14 16 18
E. 7 GeV

HTT

+ analysis not final yet

vicd el B el Dy Lt Dig g 1 ® i - . L T
no linal systemaltic error vel
5 4 6 B 10 12 14 16 18 0 lial sysicmalic ¢ yel

E. / GeV
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New Offline Analysm

Fitted Energy Slices

Tt o

avnline meiland #*"‘Jﬁ.'“

by
A
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improved melliod 4 A M yN ey

Eerrra e g vilies
o el valos

1Ly
b
e e minnies

I e e
slles ol B 1700 eY

can adjust analyzing power dynamically to changing operating conditions
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HERA1 — HERAII

Polarization Machine Aspects

will require: i"m'

Harmonic Bump Conisl" TN
Complex Amplitudes 4 -8 —

Expected Average Polarization 55% (He
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TPOL Online Display

routine operation (3 May 2002)
at low beam current (/ . = 3.5 mA)
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first beam polarization tune-up
at HERA 11

| :'1_1|Hl'i._l__l'u_ﬂ.t_*.l' Ol | Ine d i.‘.-i[‘r| ay

| ep o 1
Peiarizorian(ail) [w]
(I prolaviear ar [

epTon current [nlhl ‘ ‘ ‘ | ‘

about 40% polarisation
seen at HERA II

Both polarimeters
[.POL mgasuremen| are working

Some difference between
LLPOL. and TPOL. online data

Calibration not yet (inal

1400 16.00 Y
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Polarimetry Workshop

Summary

TPOL operational since 1992,

for HERMES physics since 1995

Systematic Error AP/P = 1.8%

from 1996/97 rise-time calibrations

TPOL successfully upgraded in 2001-2002
measures now bunch by bunch polarization
new Silicon and Fiber detector providing
data to reduce systematic uncertainties

ongoing analysis to prove sub percent precision

BNL - 8. Nov. 2002
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